Purpose: To evaluate retinal nerve fiber layer (RNFL) thickness in migraine patients with unilateral headache. Methods: A total of 58 patients diagnosed with migraine headache consistently occurring on the same side and 58 age-and sex-matched healthy subjects were evaluated in this cross-sectional study. RNFL thickness was measured using spectral-domain optical coherence tomography, and the side with the headache was compared with the contralateral side as well as with the results of healthy subjects. Results: The mean patient age was 33.05 ± 8.83 years, and that of the healthy subjects was 31.44 ± 8.64 years (p = 0.32). The mean duration of disease was 10.29 ± 9.03 years. The average and nasal RNFL thicknesses were significantly thinner on the side of headache and on the contralateral side compared to control eyes (p < 0.05, for all). Thinning was higher on the side of the headache compared to the contralateral side; however, this difference was not statistically significant.
Migraine is a common neurological disorder with episodic headaches and is most common in females between the ages of 20 and 45 years [1, 2] . One of the typical criteria for migraine is a unilateral character of the headache, which is more common than the bilateral type [3] [4] [5] .
The pathophysiology of migraine is not clearly understood [6] . The complex pathophysiology of the disease entails proposed vascular and neuronal mechanisms [7] . Cortical spreading depression, first described by Leao [8] , is a key event characterized by dramatic changes in cortical potentials, significant transient increases in extracellular ions and neurotransmitters, and transient increases in cortical blood flow followed by sustained flow decreases [9] . This focal regional cerebral blood flow decrease, reported especially in migraine with aura, begins in the posterior circulation [10] . Reduced blood f low and vasospasm are usually limited to one hemisphere [11] . Rarely, hypoperfusion originates from other regions of the brain or even the retina and might also result in retinal infarction due to retinal artery occlusion [12, 13] . Although vasospasm of cerebral and retinal blood vessels is transient, recurrent migraine attacks can cause permanent structural changes in the retina.
Optical cohorence tomography (OCT) is a non-invasive and objective cross-sectional imaging technique that provides quantitative in vivo information about the retinal nerve fiber layer (RNFL) [14] . This measurement sensitively evaluates ganglion cell and retinal nerve fiber damage. Several studies have evaluated RNFL thickness in migraine patients using OCT [15] [16] [17] [18] [19] [20] [21] . However, there has been no study evaluating the relationship between RNFL thickness and headache lateralization in migraine patients. Therefore, the aim of the present study was to evaluate RNFL thickness on the side of the headache and the contralateral side of migraine patients who experience headaches that are almost always on the same side and to compare migraine patients with healthy subjects.
Materials and Methods
The study was an observational, cross-sectional case series that included 58 consecutive patients diagnosed with migraine headaches consistently located on the same side and 58 age-and sex-matched healthy subjects. All participants were Caucasian. The study was approved by the Sü-leyman Demirel University Department of Medical Sciences ethics committee and was performed according to the tenets of the Declaration of Helsinki.
All participants were aged between 18 years and 45 years. Patients with glaucoma, intraocular pressure higher than 21 mmHg, refractive error greater than ±3 spherical diopters, optic neuropathy, optic disc anomaly, cataract, vitreo-retinal diseases, history of ocular trauma, ocular surgery or ocular laser, diabetes mellitus, hypertension, hyperlipidemia, cardiovascular or renal disease, history of central nervous system disorders including epilepsy, encephalitis, brain tumors, infarction, head trauma, any type of headache except for migraine, and users of drugs, alcohol, and cigarettes were excluded from the study. All measurements were performed during attack-free periods in migraine patients.
A detailed neurological examination was performed for each patient. Migraine was diagnosed according to the International Classification of Headache Disor der second edition [3] . The migraine patients with headaches that consistently occur on the same side were included in the study. Clinical and demographic characteristics of the patients were noted and included gender, age, migraine variables such as severity of headache, duration of headache, duration of attack, side of headache, and frequency of attacks. The severity of headache was assessed by the Migraine Disability Assessment questionnaire that evaluates headache-related disability [22] .
Detailed ophthalmological examinations were performed containing spherical equivalent, best-corrected visual acuity, slit lamp biomicroscopy, intraocular pressure with Goldmann applanation tonometry, central corneal thickness, anterior chamber depth, and axial length (PacScan 300AP, Biometric/Pachymeter; Sonomed, New York, NY, USA). RNFL thickness measurements were performed using spectral-domain OCT (Spectral OCT SLO; OPKO/OTI Instrumentation, Miami, FL, USA). Average, temporal, nasal, inferior, and superior quadrant peripapillary RNFL thicknesses were recorded. Both eyes of migraine patients and the right eyes of the control group were included in this study. The findings in the migraine group were compared with the findings in healthy subjects. Additionally, in migraine patients, the mean RNFL thicknesses were compared between the side of headache and the contralateral side.
SPSS ver. 15.0 (SPSS Inc., Chicago, IL, USA) was used to analyze data. The normality of distribution for continuous variables was tested with the Kolmogorov-Smirnov test. Categorical variables were shown as frequency and percentages. For the comparisons of parametric data of two groups, Student's t-test was used for parametric variables and Mann-Whitney U-test was used for non-parametric variables. Categorical variables were compared between the groups by the chi-square test. Pearson's correlation was used to determine the strength of the relationship between the variables. Comparisons of parametric data of the three groups were performed with one-way ANOVA testing. Levene's test was used to determine homogeneity of variances and in case of homogeneity of variance, post hoc Tukey's test was used. Data were presented as mean ± standard deviation. A p-value less than 0.05 was considered to be significant.
Results
The demographic and clinical characteristics of all subjects are summarized in Table 1 . There were no statistically significant differences between the migraine patients and healthy subjects in terms of age, sex, visual acuity, spheri-cal equivalent, intraocular pressure, axial length, anterior chamber depth, and central corneal thickness. The mean age of the patients and controls were 33.05 ± 8.83 years and 31.44 ± 8.64 years, respectively ( p = 0.32).
The mean RNFL thicknesses in each quadrant of the migraine and control groups are given in Table 2 . In migraine patients, the average and nasal RNFL thicknesses were significantly thinner compared to healthy subjects (102.4 and 80.0 µm vs. 108.1 and 93.9 µm, respectively). The mean RNFL thicknesses on the two sides of migraine patients and healthy subjects are given in Table 3 . The average and nasal RNFL thicknesses in both sides of the migraine patients were significantly thinner compared to the controls ( p < 0.05, for all). In migraine patients, RNFL thicknesses were thinner on the side of headache than the contralateral side, but this difference was not statistically significant ( Table 3) .
The correlations between RNFL thicknesses and migraine headache variables are shown in Table 4 . Two significant correlations were found between the duration of headache and superior RNFL thickness (r = -0.21, p = 0.02) and frequency of attacks and temporal-RNFL thickness (r = -0.19, p = 0.03). We also observed no significant differences in RNFL thicknesses between patients with aura and without aura (Table 5) .
Discussion
In the present study, we evaluated the RNFL thickness on the headache side and contralateral side of headache in migraine patients with unilateral headache. We observed that RNFL thicknesses were significantly thinner bilaterally in migraine patients compared to healthy subjects. Although, this thinning was higher on the side of the headache compared to the contralateral side, this difference was not statistically significant.
RNFL thinning was previously shown in migraine patients using OCT [16] [17] [18] [19] [20] [21] . However, to our knowledge, this is the first study to investigate the relationship between migraine headache lateralization and RNFL thickness in migraine patients with unilateral headache.
Migraine is a common, chronic neurological disorder characterized by episodic headaches of unknown pathophysiology [1, 6] . There are several theories with regards to the etiology of optic nerve damage in migraine patients including vascular abnormalities such as vasospasm or focal ischemia [15] . Supporting this hypothesis, Kara et al. [23] reported that arterial vessel resistances in central retinal artery and posterior ciliary artery were higher in migraine patients in periods with no headaches using color Doppler sonography. Values are presented as mean ± SD. RNFL = retinal nerve fiber layer.
* Independent t-test.
Tan et al. [15] evaluated RNFL thickness in patients with migraine using a scanning laser polarimetry. The researchers reported that there was no differences in RNFL thickness in migraine patients compared to healthy subjects. Several studies have also evaluated RNFL in migraine patients by OCT [16] [17] [18] [19] [20] [21] , which is a more advanced application of RNFL evaluation and produces higher resolution images [14] . Martinez et al. [16] used OCT to measure the RNFL and reported reduced RNFL thickness in the temporal quadrant in migraine patients. Also, different results have been reported in other studies [17] [18] [19] [20] [21] . Sorkhabi et al. [17] detected a significant thinning in the nasal quadrant-RN-FL in migraine patients. Gipponi et al. [18] and Kirbas et al. [20] found a significant thinning in the superior quadrant RNFL in migraine patients. Another study reported that only the average RNFL thickness was significantly thinner in migraine patients [19] . These distinct results may be explained with the use of different methods and sample sizes, racial differences, and the lack of standardized patients in terms of migraine variables such as severity of headache, duration of headache, duration of attack, and frequency of attacks. Ekinci et al. [21] evaluated subgroups of migraine with aura and without aura. The researchers reported a significant thinning of RNFL in all quadrants in migraine patients with aura, but no significant differences in migraine patients without aura. Cerebral hypoperfusion commonly occurs in the posterior region of one hemisphere during the aura period [16] . Therefore, RNFL thicknesses may be more affected in migraine patients with aura compared to migraine patients without aura. In the present study, we found that the average and nasal RNFL thicknesses were significantly thinner in patients with and without aura compared to healthy subjects. Although RNFL thicknesses were thinner in pa- tients with aura compared to patients without aura, these differences were not statistically significant. This result may be due to small sample size and a lack of standardized patients. Selective nasal RNFL involvement might be explained pathophysiologically by a differential vulnerability of retinal axons to ischemia. Moreover, RNFL thicknesses were thinner on the headache side compared to the contralateral side in all quadrants, but these differences were not statistically significant. During a migraine, reduced blood flow and vasospasm was reported to usually occur in one hemisphere, but other areas of the brain and even the retina may also be influenced by hypoperfusion [11, 12] . Therefore, the bilateral RNFL involvement we observed might be a ref lection of diffuse involvement of the brain and neuronal structures in migraine. Additionally, Martinez et al. [16] reported a significant correlation between RNFL thickness and Migraine Disability Assessment scores and duration of migraine disease. On the contrary, Gipponi et al. [18] relate the RFNL thickness just to the presence of migraine and put forth that it does not depend on illness duration and frequency. In our study, a significant correlation was found between headache duration and superior RNFL thickness, and attack frequency and temporal RNFL thickness. However, relationships between the RNFL thickness and migraine headache variables should be studied further.
In addition, there are some studies of unilateral involvement in migraine patients [24, 25] . Friberg et al. [24] found reduced blood flow velocities in the middle cerebral artery on the affected side during migraine episodes in seven patients. Hougaard et al. [25] studied 20 patients with unilateral headache and investigated the relationship between migraine with aura and structural gray matter abnormalities. Although the researchers found no differences in gray matter structure with regards to aura symptoms in migraine patients they identified thinning of the ipsilateral hemisphere cortical thickness in the inferior frontal gyrus. The finding of more prominent RNFL thinning in headache side might be related with lateralized structural abnormalities in the cortex, indicating that the hemisphere on the side of pain is affected more.
As noted above, a handful of literature reported controversial findings of RNFL thickness in migraine while some reports show no change and some reported thinning in different quadrants. In line with findings by Sorkhabi et al. [17] and Yulek et al. [19] , we found average and nasal thinning of RNFL in migraine patients.
This study has some limitations. It is a single-center study and has a relatively small sample size. Furthermore, these findings need to be confirmed in a larger patient group.
In conclusion, the average and nasal RNFL thicknesses were significantly thinner in migraine patients compared to healthy subjects and the RNFL thicknesses were thinner in the side of headache compared to the contralateral side, but this finding was not statistically significant. The RNFL thinning related to migraine headache lateralization may depend on the focal retinal blood flow decrease theory in migraine.
